We have determined the framework structure of Myochrysine (disodium goid(I)thiomalate) in the solid state and extremely concentrated aqueous solution, previously. It consists of an open chain polymer with linear gold coordination to two thiolates from the thiomalic acid moieties which bridge between pairs of gold atoms providing an Au-S-Au angle of 95 The question remained: was this structure relevant to the dilute solutions of drugs administered and the still lower concentrations of gold found in the bodies of patients (typically 1 ppm Au in blood and urine or 5 pM in Au). We have provided an answer to that question using extended X-ray absorption spectroscopy (EXAFS) and capillary zone electrophoresis (CZE). EXAFS studies confirm that the polymeric structure with two sulfur atoms per gold atom persists from molar concentrations down to millimolar concentrations. CZE is able to separate and detect Myochrysine at miilimolar levels. More importantly, at micromolar levels Myochrysine solutions exhibit identical CZE behavior to that measured at millimolar levels. Thus, aqueous solutions of the drug remain oligomeric at concentrations commensurate with those found in patient blood and urine.
Introduction
The gold-based drugs used in rheumatoid arthritis therapy are extraordinary in that they have been prescribed for 70 years or more while their mode of action is not yet understood. Also these drugs are extremely labile, converting to a variety of biotransformation products once they are administered. Thus, the active agent is unknown as well.
In this paper we attempt to deal with some of this uncertainty. We have previously examined the structure of disodium gold(I)thiornalate (Myochrysine, AuTM) and found that it is oligomeric with sulfur bridges between gold atoms forming a helical structure with an oligomerization number of approximately six (1) . The gold-sulfur framework structure is shown in Figure 1 . This open chain structure is We also had received from Drs. Helen Howard Lock and Colin Lock of McMaster University samples of optically pure sodium gold(I) thiomalate. That is, samples synthesized using either the D-or L-form of thiomalic acid as opposed to the enantiomeric mixture of the acids normally used in the synthesis of AuTM. We wished to determine whether there were any differences between the optically pure forms and the enantiomeric mixture which could be determined by EXAFS studies.
Also, we were concerned whether the drug structure, determined either with the solid drug or in extremely concentrated solution, had any bearing on the drug as it exists after administration at typical concentrations of a few parts per million gold (micmmolar concentrations) in the blood stream. To determine whether the same structure persists at such low concentrations we have utilized a two part strategy. First, we have examined the structure using extended X-ray absorption fine structure (EXAFS) at millirnolar concentrations. Second, we have characterized the drug using capillary zone electrophoresis at millimolar levels and also at the micromolar levels of gold which are found in patients' blood. Details of those studies are presented here.
Since we have recently found dicyanogoid(I) circulating in the blood and excreted in the urine of patients receiving various gold drugs (3), we wished to see both how that complex might form and how reactive it is, especially toward some of the thiols such as cysteine and glutathione which are naturally available in the body. These reactions have been characterized using capillary zone electrophoresis as well and the results presented here. EXAFS data for solids were collected at SSRL beamline IV-3, whereas those for solutions were measured at NSLS beamline X19A. Data collection methods were essentially the same for both beamlines with the exception that the solution data were measured at room temperature and the solids at 10 K.
Materials and Methods

Reagents and
Transmitted and incident intensity were measured using standard nitrogen-filled ionization chambers. Simultaneous calibration of the wavelength was performed by passing the transmitted intensity through a gold foil standard. Fluorescence data were collected concurrently using a Stern, Heald Myochrysine was dissolved at various concentrations ranging from millimolar as was used for the EXAFS studies to the micmmolar gold concentrations found in patient's blood and urine. The solvent was 20 mM sodium phosphate buffer adjusted to pH=8.0 using phosphoric acid and sodium hydroxide. With careful control of column pretreatment and rinsing, migration times are highly reproducible. Thus for 10 samples of AuTM, the average migration time was 8 .61 min with a standard deviation of 0.14 min or a relative standard deviation of 1.6%. Peak shape and electromigration time in the electrophemgrams are identical at both millimolar and micromolar concentrations of AuTM (see Figure 4 ). Solution Studies of Myochrysine and Cyanide. Our previous studies of patients undergoing AuTM therapy show that dicyanogold(I) is a major metabolite, accounting for as much as 30% of the excreted gold (3) which appears in urine. Some free dicyanogold(I) is found in the blood as well. Cyanide is inhaled from cigarette smoke in the form of hydrocyanic acid and also occurs naturally as a product of the oxidative burst of polymorphonuclear leukocytes (6) . Once injected into a patient, AuTM can undergo ligand exchange reactions with free cyanide which may hinder, modify or enhance its therapeutic properties. Graham et al. followed the reaction of potassium cyanide and Myochrysine using 13C and H NMR techniques. They concluded that dicyanogold(I) was formed via a mixed ligand intermediate which maximized at a 1:1 molar ratio of cyanide to Myochrysine. Because of severe line broadening and overlap of signals at a ratio higher than 2:1 cyanide to Myochrysine they were not able to study larger ratios. Due to the relative insensitivity of NMR, they were unable to follow reactions at physiological levels and instead used concentrations at millimolar levels (20 mM for C NMR). We were able to follow the same reaction at a ratio up to 10:1 cyanide to Myochrysine using CZE with UV detection at 214 nm and determine an.overall equilibrium constant.
Initially myochrysine, thiomalic acid and dicyanogold(I) were individually separated using CZE to determine the optimum conditions for elution. Applied voltage, pH and reproducibility were systematically studied to determine the best conditions for separation. Linear calibration curves of absorbance vs. log concentration were calculated for use in determining the equilibrium constants.
Reaction: Au-tm + KCN a. KCNIAuqm 1.5 Au-tm c Au(CN) 2"
:--22-- The equilibrium constant was calculated according to:
(1)
The overall equilibrium constant Kapp is defined as:
The equilibrium constant K 2 was most easily measured by studying the reverse reaction, that of thiomalic acid with dicyanogold(I). Figure 7 shows that reaction where the broad peak in the electropherogram occurring at ca. 21.5 min is clearly indicated to be the mixed ligand species [TMAuCN]'. Details of the measurements and calculations are available in the dissertation of Z. Zhao (5) . (7) were undertaken using CZE. The electmpherogram obtained is shown in Figure 8 . It appears that the broad unresolved "blobs" which rise in both electropherograms originate from these polynuclear species in which the ratio of p to n is greater than 7 to 6. The lack of resolution in the separation of these materials suggests that they are a rapidly reequilibrating mixture with slightly different electropheretic behaviors for the individual components. The strikingly different behavior for "AuTM" (the sharp, well-defined peak at slightly less than 10 min) suggests a much greater stability for that particular species. 
